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The  fact that  the spontaneous liberation  of epinephrin  is  depend- 
ent upon the integrity of certain efferent  nerves  running in the sym- 
pathetic system has led to attempts to influence the rate of liberation 
reflexly.  We  have  previously  ~ published  experiments  in  which  the 
rates  of liberation  of  epinephrin  during  and  without  stimulation of 
brachial  nerves  (i~ the  cat)  were  compared  by means  of the  dener- 
vated eye reactions of Meltzer and by the rise of blood pressure pro- 
duced when adrenal blood collected for a known time in a cava pocket 
is released.  The results were negative. 
We have since repeated the experiments on cats and dogs, drawing 
off blood from the cava pocket and testing it on rabbit intestine and 
uterus  segments.  In this  way the  adrenal  blood can,  of course,  be 
applied  to  the  test-objects  without  dilution  if  so desired,  whereas, 
with the eye and blood pressure reactions, it is necessarily much diluted. 
On  the  other  hand,  the  use  of  the  latter  reactions  has  some  great 
advantages.  The  blood is not withdrawn, from the vessels, and  ac- 
cordingly there is no danger of loss of a part of the epinephrin in the 
necessary manipulations  before the  blood is applied to the segments. 
The  development of the pressor property of clotted blood, a  serious 
complication for some of the methods of testing  extravascular  blood 
(frog perfusion, artery rings), is avoided.  Possible effects upon the rate 
of liberation of the loss of blood, or  even of the  loss of the epinephrin 
in it when withdrawn from the body are  also excluded.  Most impor- 
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tant  of all,  the  rise  of blood pressure,  especially  if interpreted  by the 
aid  of the  eye  reactions,  affords  a  direct  quantitative  comparison  of 
the amount of epinephrin  liberated  in successive observations. 
Technique.--The adrenal  blood was collected through a  boiled and oiled can- 
nula in the inferior cava.  The cava pocket was usually much shorter than that 
employed for the eye and blood pressure reactions, where it was essential to have 
as roomy a  pocket as possible.  With the short pocket only a  small dead space 
is left filled  with blood which has passed through the adrenals during one set of 
experimental  conditions at  the moment when the experimental  conditions have 
been changed.  To reduce still further any overlapping of the blood samples suc- 
cessively collected with  and without  stimulation, excitation of the sensory nerve 
was  started  slightly  before  completion  of  the  collection  of  the  preceding  "no 
stimulation" sample, and vice versa.  Once begun, the flow of blood from the can- 
nula was interrupted, sample after sample being collected.  The time of collection 
and the weight or volume of blood being accurately measured, the rate  of blood 
flow  during  the  collection of each  sample  is known.  This  is indispensable,  of 
course, for estimating the rate of liberation of epinephrin by reactions which, like 
the  segment  tests,  give only  the  concentration.  Since,  as we have found,  ~ the 
concentration in successive samples tends to increase as the blood flow slackens, 
we varied the order of stimulation and no stimulation observations,  interposing 
for  example,  a  stimulation  period between  two no  stimulations,  and  vice versa. 
Richards and Wood,  8 in their work on the influence of stimulation of the depressor 
upon suprarenal secretion, have recognized the necessity of measuring the rate of 
flow  of the  blood,  and  the  advisability of not  taking  the samples in a uniform 
order.  The stock adrenalin used for the epinephrin  assays was  always  freshly 
assayed by the colorimetric method of Folin,  Cannon,  and Denis.  * 
In our previous observations we stimulated the brachial nerves, as it was con- 
venient in forming the cava pocket to clamp the abdominal aorta, and the sciatic 
nerve was therefore not available.  Since the upper thoracic portion of the spinal 
cord can sustain a substantial liberation of epinephrin after section of the cord in 
the cervical region,  ~ the sciatic might perhaps be considered more likely to yield 
positive effects than the brachial.  Elliott's conclusion  s that after section of the 
brain stem just in front of the anterior  corpora quadrlgemina exhaustion of the 
epinephrin  store  of the  adrenal  by stimulation  of sensory nerves occurs, while 
it does not take place if the cord has been cut just below the bulbar vasomotor 
center,  does  not,  as  already  pointed  out,*  necessarily indicate  that  the  center 
concerned in epinephrin liberation,  on which Elliott  made no experiments,  is as 
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high as this.  But if it were, brachial stimulation ought to hit it, as well as sciatic 
stimulation.  To  be  sure,  however,  of  stimulating  afferent  nerves  favorably 
situated  with reference to one or the other of the centers concerned, if there is 
more than one, we used both sciatic and brachial in these experiments. 
While cats proved suitable for the previous observations in which blood was 
not withdrawn, it was judged advisable in the present series to use dogs also,  in 
order to make certain of a  good and uninterrupted  flow of blood, which would 
completely wash out the pocket and  cannula,  and thus prevent  overlapping of 
the  successive samples. 
Experiment  1.  Condensed  ProtocoL--Dog;  weight 10 kilos.  Ether anesttresia. 
45 cc. of blood withdrawn from jugular vein.  Cava pocket  tied off.  Intestinal 
arteries  and abdominal aorta not tied.  Right iliac  artery ligated  and  cannula 
inserted  into  the  right  iliac  vein.  The  left  iliac  vein  was  not  fled,  and  was 
damped just before the collection of blood was begun, in order to spare the left 
sciatic as much as possible.  The left sciatic and brachial nerves were prepared 
for stimulation.  The following blood specimens were collected from the cannula 
in the iliac. 
No. of  Blood collected:  Time of  Blood  flow  Stimulation. 
adrenal specimen,  collection,  per rain. 
co. 
13.0 
17.3 
9.2 
7.4 
10.2 
7.5 
5.0 
1 rain., 40 sec. 
"  25  " 
1  "  40  " 
1  "  47  " 
3  "  10  " 
3  "  10  " 
3  "  24  " 
cc. 
8.0 
7.2 
5.8 
4.4 
3.2 
2.4 
1.5 
None. 
Brachial. 
~c 
None. 
Sciatic. 
None. 
While the pocket was still clipped off, 53 cc. of arterial blood were obtained from 
the carotid artery.  Combined weight of adrenals  1.050 gm. 
It will  be  seen  from Figs.  1  to  3,  that  n 9  difference could be made 
out  between  the  inhibitory  effects  produced  on the rabbit  intestine 
segments  by the  various  adrenal  blood samples,  which  could be con- 
nected  with  the  presence  or  absence  of  nerve  stimulation.  Thus  in 
Fig.  1,  the  second sample  collected  during  brachial  stimulation  (Ob- 
servation  5)  caused  practically  the  same  effect  as  the  first  sample, 
collected  without  stimulation,  and  the  blood  flows  were  about  the 
same  during  collection  of the  two  samples.  The  third  sample,  with 
nerve  stimulation,  gave  a  greater inhibition  (Observation 7) than the 
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to do with this,  since the nerves were also stimulated  during  collec- 
tion of the second sample  (Observation 5).  The  explanation  of the 
greater inhibition produced by the tkird sample is that the blood flow 
was slower during  its  collection,  and  the  rate  of  liberation  of  epi- 
nephrin per minute remaining the same, the  concentration was neces- 
sarily greater.  The  adrenalin  assays showed that  the  concentration 
in the first and second samples was somewhat more than 1 : 3,300,000, 
corresponding to  an  output of epinephrin  per minute  of  0.0025  rag. 
(0.00025  nag. per kilo  of body weight per minute), and that the third 
specimen was not twice as  strong  as the  first  or second.  This  is  a 
normal  output for a  dog under  the experimental  conditions,  as esti- 
mated in drawn adrenal blood on rabbit intestine segments. 
In Fig. 2 it is shown that sciatic stimulation also produced no dem- 
onstrable effect, the slight preponderance  of the fifth sample  (Obser- 
vation 15) as compared with the fourth (Observation 13) being plainly 
associated  with  the  somewhat  slower  flow  during  collection  of  the 
latter.  In  Fig.  3  the  sixth  and  seventh  adrenal  samples were com- 
pared  with greater  magnification;  but the  result  was the  same;  the 
blood collected during stimulation of the sciatic caused no greater effect 
than  that  collected  without  stimulation.  It  is  probable,  however, 
that the concentration of epinephrin in the  sixth and  seventh samples 
was such as to produce the maximum inhibition of which the segment 
was capable at the time.  That  the sixth  specimen  really contained 
somewhat  less  epinephrin  than  the  seventh,  corresponding  to  the 
greater blood flow, is brought out by the uterus tests  (Fig.  4, Obser- 
vations 48 and 50).  The same progressive increase in concentration in 
the successive samples shown by the intestine  tracings is exhibited on 
the uterus tracings, only, as is commonly the case, even more sharply. 
The difference between the fourth and third  specimens (Observations 
44 and 45)  would unquestionably have been brought out clearly with 
a  greater  degree of dilution,  as the  increase  of  uterus tone  in  these 
observations  was  already  approaching,  if  it  had not indeed reached 
the maximum  for the segment. 
Experiment  2.  Condensed ProtocoL--Cat;  weight 2.9 kilos.  Urethane  anes- 
thesia.  Obtained  specimen of  jugular  blood, then  isolated left  sciatic nerve 
and prepared it for stimulation.  Cava pocket made, tying off intestinal and renal 
vessels and right iliac artery.  Cannula inserted into  the eava, making a short 
pocket.  Adrenal  blood was then collected as follows: G.  N.  STEWART AND  J.  M.  ROGO~]~  641 
No. of  Time of  Blood flow  Stimulation. 
adrenal specimen.  Blood collected,  collection,  per min. 
gm. 
1.5 
4.4 
1.4 
1.8 
2.3 
1.7 
2.2 
1 min., 25 sec. 
4  ¢c 
6  " 
9  "  30  " 
13  " 
8  ¢¢ 
10  " 
gm. 
1.1 
1.1 
0.23 
0.19 
0.18 
0.21 
0.22 
None. 
Sciatic. 
None. 
Sciatic. 
None. 
During stimulation of  the  sciatic, the pupils dilated widely, the respiratory 
movements were increased, and there were reflex movements indicating that the 
stimulus was effective.  Stimulation was begun ½ to  1 minute before collection 
of the corresponding specimen, and was stopped ½ to 1 minute before the collec- 
tion of the specimen ceased,  to allow for washing out of the dead space.  The 
flow was notably diminished after the first period of strong stimulation; that is, 
after the collection of the second specimen.  After the last adrenal sample was 
collected indifferent blood was obtained from the abdominal aorta.  Combined 
weight of the adrenals 0.347 gm. 
Specimens of the tracings with rabbit  segments are given in Figs. 
5 to 7.  They show the same general result as in Experiment 1; that 
is,  a  progressive  increase  in  epinephrin concentration in successive 
adrenal samples, unmodified within the limits of sensitiveness of the 
method by stimulation of the sciatic. 
Experiment  3.  Condensed  ProtocoL--Cat;  weight 2.58 kilos.  Urethane anes- 
thesia.  Cava  pocket  prepared  with  cannula in  left  renal  vein.  Renal  and 
intestinal arteries tied, but not the abdominal aorta.  Sciatic nerve prepared for 
stimulation.  Adrenal blood samples were collected as follows: 
No. of  Time of  Blood flow 
adrenal specimen.  Blood  collected,  collection,  per min.  Stimulation. 
cc. 
10.0 
9.0 
10.3 
10.0 
5 rain. 
6  "  30 sec. 
5  gc 
6C. 
2.0 
1.5-2.0" 
2.0 
-t 
None. 
Sciatic. 
None. 
During asphyxia. 
* Part of the specimen was lost by accidentally spilling from the container. 
t The blood clotted in the cannula at the end of the collection, and was grad- 
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Indifferent blood was obtained from the abdominal aorta.  Indifferent blood 
from the carotid of another cat was also used in the tests after testing it against 
the blood from the abdominal aorta, and finding it to have the same tone-increas- 
ing power.  Combined weight of the adrenals 0.328 gm. 
The same results were obtained  with the  intestine  and  uterus seg- 
ments as in the preceding experiments;  there  was equality or a  pro- 
gressive increase of epinephrin in the successive adrenal blood samples 
according to whether the blood flow remained constant or slackened. 
The  output  of  epinephrin  per  minute  was  not  modified,  within  the 
limits of accuracy of the assays, by stimulation of the sciatic.  The con- 
centration  of epinephrin  in  the  second  and  third  adrenal  specimens 
was  about  the  same  (1:3,500,000)  corresponding  to  a  liberation  of 
0.0006 rag. per minute  (more than  0.0002 rag. per kilo of body weight 
per minute),  a  normal  output  as  estimated  on  drawn  adrenal  blood 
by  rabbit  segments.  The  uterus  segments  could  detect  a  concen- 
tration  of  1:24,000,000  adrenalin  in  indifferent  blood  as  compared 
with the indifferent blood itself. 
Experiment  4.  Condensed ProtocoL--Dog;  weight  8.5  kilos.  Urethane  and 
ether anesthesia.  Cava pocket prepared, tying off the renal and intestinal  ar- 
teries.  The abdominal aorta was not  clamped till just  before the  collection  of 
'blood.  Cannula in right iliac vein.  Left sciatic prepared for stimulation.  About 
5  cc. of blood were first collected  from the pocket and discarded so as to wash 
the pocket free of any epinephrin which might have been liberated in the manip- 
ulations.  The following adrenal samples were then collected. 
No. of  Blood collected.  Time of  Blood flow  Stimulation. 
adrenal specimen,  collection,  per rain. 
34.0 
24.0 
22.0 
25.0 
2 min., 30 sec. 
3  ~ 
3  " 
4  " 
CG. 
13.6 
8.0 
7.3 
6.2 
Sciatic. 
None. 
Sciatic. 
Serum  was  obtained  from  the  bloods by  centrifugalization.  The  corpuscle 
sediment was about one-third of the total volume. 
In  this  experiment  serum  was used  for the  segment  tests  instead 
of blood,  so as to increase the chance of  detecting any difference due 
to  stimulation,  since  serum  contains  a  greater  concentration  of  epi- G.  N.  STEWART  AND  J.  M.  R.OGOFF  643 
nephrin than the blood from which it is  derived,  r  The result was 
the same as in the other experiments.  Thus, the second adrenal speci- 
men, collected without stimulation  (Observation  15,  Fig.  8)  had a 
somewhat greater inhibitory effect upon the intestine segments than 
the first specimen collected  during  sciatic  stimulation (Observation 
11), corresponding to the difference in blood flow.  The effect of the 
third specimen (Observation 6, Fig. 9) is greater than that of the sec- 
ond (Observation 4), and less than that of the fourth specimen (Ob- 
servation 9), without apparent relation to the presence or absence of 
nerve stimulation.  The adrenalin assay showed that the second speci- 
men  contained  about  1:3,500,000  epinephrin,  corresponding  to 
1 : 5,000,000  for the blood, an output per minute of 0.0016 mg. (0.0002 
mg. per kilo of body weight per minute), a normal output for a  dog, 
as estimated in this way.  As this is a moderate concentration, andthe 
first specimen contained still less, the failure of nerve stimulation to 
increase the concentration could not have been due to the initial con- 
centration  being  near  the  possible  maximum.  The  serum  of  the 
third  specimen contained  1:3,000,000  epinephrin, corresponding to 
1:4,300,000 for the blood.  This gives the  same  output as  for  the 
second specimen (0.0017  mg.  per  minute), the concentrations being 
inversely proportional to the blood flows.  The uterus tracings, some 
of which are reproduced in Fig. 10, confirm the conclusion that the 
first  adrenal specimen (Observations 31  and 33) contained a smaller 
concentration of epinephrin than the second (Observations 32 and 34), 
although the sciatic had been stimulated during the collection of the 
first.  Observation 30,  Fig.  10,  shows  a  much  smaller  effect  with 
indifferent serum, compared with any of the adrenal sera, thus con- 
firming the conclusion that the substance inhibiting the intestine was 
epinephrin. 
The objection might be made that under the influence of the experi- 
mental conditions (anesthesia,  trauma,  etc.),  the rate  of liberation 
of epinephrin might be  already so great that it could not be  aug- 
mented by stimulation of afferent nerves.  This objection has already 
been partly met by the fact that with moderate concentrations of epi- 
nephrin,  as  shown  by  adrenalin  assays,  nerve  stimulation fails to 
r Stewart and Rogoff.  J. Pharm. and Exp. Therap.,  1916-17, ix, 393. 644  I~TE  OF  LIBERATION  O~  EPINEPI~IN 
increase the concentration.  There is no evidence that anesthetics in- 
crease  the  liberation  demonstrably.  In  cats,  some  days  after  sec- 
tion  of the  spinal  cord  in  the  cervical  region,  we  have  found  4 that 
blood  collected  from the  adrenal  veins through  a  carmula in the  in- 
ferior cava contains concentrations of epinephrin within the ordinary 
range,  despite  the  fact  that  on  account  of the  complete  anesthesia 
below the  level of the  cord  section it  was  not  necessary to  give  an 
anesthetic.  Elliott's  result,  that  anesthetics  cause  diminution  of 
the epinephrin store of the adrenals, is no proof, even if we admit that 
the  diminution  is  really  due  in  some  direct  way  to  the  anesthetic, 
that the output of epinephrin is increased under their influence; since 
a  diminution in the rate of formation of epinephrin would equally be 
accompanied by a  diminution in the store. 
Nevertheless,  we made  a  number  of experiments in which the ani- 
mal  was  rendered  insensitive  by  destruction  of the  cerebral  cortex, 
or by increase of intracranial pressure without the use of anesthetics, 
except for a  few minutes while the brain was being destroyed or the 
skull trephined for the insertion of the pressure bag. 
Experiment 5.  Condensed  ProtocoL--Dog; weight 7.6 kilos.  Animal rendered 
insensible  by destruction  of the  cerebral  cortex  with  much  of the  underlying 
centrum ovaie.  It was shown at autopsy that none of the brain tissue behind 
the  anterior  edge  of  the  anterior  corpora  quadrigemina  had  been  destroyed. 
Ether  was given only during  destruction  of the  brain.  Indifferent  blood was 
obtained from the  jugular vein.  Cava pocket made.  Right  iliac artery,  and 
intestinal and renal arteries tied off.  Left sciatic nerve prepared for stimulation. 
Adrenal blood specimens collected  as follows: 
No.  of  Blood collected.  Time of  Blood flow  Stimulation. 
adrenal  specimen,  collection,  per  mln. 
gra.  gm. 
1  3.5  1 rain.  3.5  None. 
2  7.0  3  "  2.3  " 
3  7.7  4  "  30 sec.  1.7  Sciatic. 
A  fourth  adrenal  specimen  was  obtained  without  stimulation,  but  clotting 
in the cannula prevented accurate measurement of the time (3 gm. in 4 to 5 min- 
utes).  Capacity of the cava pocket, which was a long pocket, 0.9 to 1.0 gm. of 
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In this animal no evidence was forthcoming, any more than in the 
others, that stimulation of the sciatic was associated with a detectable 
increase in the rate of epinephrin output.  A few of the tracings are 
reproduced in Fig.  11.  The second adrenal specimen, collected with- 
out stimulation (Observation 23), caused about the same amount of 
inhibition  of the intestine as  the third  specimen,  collected  during 
sciatic stimulation (Observation 25).  If anything, the effect of the 
second was somewhat greater than that of the third specimen.  The 
flows  were not  very different for  the  two specimens.  The  fourth 
adrenal specimen (Observation 19), collected without sciatic stimula- 
tion, produced a decidedly  greater effect than the third, corresponding 
to the much slower flow.  Here is an instance where a nerve stimula- 
tion period between two periods without stimulation ought to have 
shown some change of concentration, as  compared  either with  the 
preceding or the succeeding period, had the n~rve stimulation been 
capable  of  evoking such  a  change.  The  first  adrenal  specimen, 
without nerve stimulation (Observation 21), has a  greater inhibitory 
effect than either the second or third.  But this is doubtless due to 
epinephrin liberated  during manipulations while the pocket was be- 
ing tied off.  Although it is often possible to  complete the operation 
without any evidence of manipulative discharge, yet, in order to be 
sure of avoiding errors due to this  cause, the first  specimen was al- 
ways considered suspect, if it gave a  higher concentration than the 
second, and in that case rejected.  It was, in fact, collected separately 
for the purpose of insuring that the succeeding specimens should not 
contain any epinephrin liberated by massage, etc., during the forma- 
tion of the pocket. 
Uterus tracings confirmed the conclusion that the second and third 
adrenal specimens (Experiment 5) had about the same concentration 
of epinephrin, and that the fourth had a greater concentration than 
either the second or third.  Adrenalin assays showed that the concen- 
tration in the third specimen was about 1:  3,000,000,  corresponding 
to an output of 0.0006 rag.  of epinephrin per minute (about 0.0001 
rag. per kilo of body weight per minute).  This is rather below than 
above the average output in anesthetized dogs, as estimated by rab- 
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Elliott  has  stated  that  brain  injuries  such  as  destruction  of  the 
cerebral hemispheres  cause  discharge of the  epinephrin  store  of  the 
adrenals.  Although  for  the  reason  already  mentioned,  this  would 
not of itself be sufficient proof that the rate of liberation of epinephrin 
is sensibly increased by the brain irritation,  an experiment was made 
in which the animal was rendered insensitive by increasing the intra- 
cranial pressure, without any brain mutilation,  by a  thin rubber bag 
introduced through  a  trephine hole. 
Experiment  6.  Condensed  Protocol.--Dog;  weight  9.4  kilos.  Under  ether 
anesthesia  the  skull  was  trephined,  and  a  rubber bag inserted.  The bag  was 
connected with a mercury manometer.  The pressure  in it was increased  to 250 
ram. of mercury, and the ether discontinued.  Artificial respiration was  started, 
although the dog was still breathing well spontaneously.  A short cava pocket 
was  made.  The abdominal aorta was tied off below the renals,  and the renal 
vessels were tied.  Brachial nerves on one side prepared for stimulation.  As the 
blood pressure  fell  the intracranial pressure was diminished.  Adrenal blood was 
collected as follows: The first specimen  (5 to 6 gin.)  was  rejected to  avoid any 
epinephfin liberated during manipulation. 
No. ot  Time  of  Blood flow  Stimulation.  adrenal specimen.  Blood  collected,  collection,  per rain. 
7.2 
12.0 
12.5 
9.2 
45 sec. 
1 min., 35  " 
2  "  20  " 
2  "  30  " 
9.0 
8.0 
5.4 
3.7 
None. 
Brachial. 
None. 
Brachial. 
Combined weight of adrenals 1.20 gm. 
In  Fig.  12  are reproduced a  few of the intestine segment tracings 
from  Experiment  6.  They  show  that  the  third  adrenal  specimen, 
collected during brachial stimulation  (Observation 31), while causing 
a  somewhat  greater  inhibition  than  the  second  specimen,  collected 
without stimulation  (Observation  29),  does not produce as great  an 
inhibitory  effect as  the  fourth  specimen,  collected without  stimula- 
tion.  The fifth adrenal specimen,  collected during brachial stimula- 
tion (Observation 35), causes an inhibition not  conspicuously different 
from that caused by the fourth specimen.  As before, the progressive 
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cline in the rate of blood flow has not  been  sensibly altered  by the 
nerve stimu]ation.  This result was confirmed by the uterus tracings, 
some of which are reproduced in Fig. 13.  If the third adrenal speci- 
men  (Observation 52)  were compared merely with the second  (Ob- 
servation 51), it might be thought that the greater effect on the uterus 
produced  by  the  third  specimen  indicated  an  increased  output  of 
epinephrin  due  to  stimulation  of the  nerve.  This  conclusion is  at 
once seen to be erroneous when we compare the effect of the fourth 
specimen  (Observation 54)  with that of the third, for the fourth is as 
much stronger than the third as the third is stronger than the second, 
and  the nerves were not  being  stimulated  during  collection of the 
fourth specimen.  To  show the  uniformity of the tracings,  Observa- 
tion 52 on the third  specimen was  interposed  between two  observa- 
tions (51 and 53) on the second.  In Observations 56 to 59, the second 
to  fifth specimens were compared in a greater dilution, and just as in 
the case of the intestine tracings no such preponderance of effect was 
revealed in the third and fifth specimens as would be expected if the 
nerve stimulation during their  collection  had  sensibly increased the 
output of epinephrin. 
Adrenalin assays were made on the intestine, and in this case also 
on the uterus segments.  The intestine segments are more generally 
useful than the uterus for assaying the concentration of epinephrin, 
although for bringing out qualitative differences  the uterus is frequently 
much more sensitive than the intestine.  But with favorable uterus 
segments  good  quantitative  results  are  also  obtained.  The uterus 
from adult or nearly adult virgin rabbits is the best in our experience 
for  all  such  work.  The  assays  indicated  that  the  second  adrenal 
specimen contained about  1:9,000,000  epinephrin  (Fig. 13, Observa- 
tions 61, 64, 65, and 66); and the third specimen more than 1:9,000,000 
but much less than  1:6,000,000  (Fig.  13,  Observation 68), probably 
not far from 1 : 8,000,000.  The fourth specimen had a greater concen- 
tration than 1 : 8,000,000,  though distinctly less than 1 : 5,000,000,  and 
somewhat  less than 1 : 6,000,000,  probably about 1 : 6,500,000.  If the 
blood flows in the protocol are compared with these concentrations, it 
will  be  seen that the concentrations are  approximately in the inverse 
ratio of the flows.  In other words, during the collection of these adre- 
nal samples, the output of epinephrin per minute (0.001 rag. or more 648  RATE  O~"  LIBERATION  OF  EPINEPttRIN 
than 0.0001 rag. per kilo of body weight per minute)  remained approxi- 
mately constant,  and  was  not sensibly  modified  by  stimulation  of 
the brachial nerve. 
It did not seem probable that if negative results were yielded by 
unmixed  adrenal  vein  blood,  positive  results  would  be  obtainable 
with cava blood collected by a catheter anterior to the adrenal veins,  g 
However, as the necessary operation for the  catheter method is less 
severe than  for the  cava pocket  method,  the  possibility  could  not 
be  overlooked that  the  output of epinephrin in the periods  without 
nerve stimulation might be less when extensive trauma  was  avoided. 
If this were so, an increase in the liberation produced by the stimula- 
tion of nerves might more readily make itself felt.  Of course, it  is 
impossible by this method to take account of any changes in the rate 
of blood flow through the adrenals; and comparisons of the concentra- 
tion of epinephrin in the  blood are  only valid for the  estimation of 
changes in the rate of liberation if alterations in the rate of blood flow 
are known, unless the assumption can be  made that the  blood flow 
remains  constant  during the whole experimental period.  Neverthe- 
less,  the conditions which in the abdominal operation lead to notable 
alterations in the rate of blood flow were not so likely to be present 
with  the  catheter  method,  except  in  so  far  as  the  catheter  itself 
might interfere with the flow of blood in the cava, and therefore we 
made  a  number of  experiments  in  this  way.  Experiment  7  is  an 
example. 
Experiment  7.  Condensed ProtocoL--Cat;  weight 2.875 kilos. 
10.00 a.m.  5 gin. urethane by stomach tube. 
11.00 a.m.  Exposed left femoral vein and prepared it for catheter; prepared 
right sciatic nerve for stimulatibn. 
11.20 a.m.  Blood I obtained through catheter inserted to a level just anterior 
to adrenal veins.  At autopsy, the eye of the catheter was found to be about 5 
to 6 ram. anterior to the orifice of the right adrenal vein when inserted to the dis- 
tance used in the experiment. 
11.32 a.m.  Started stimulation of sciatic. 
11.37 a.m.  Blood II  collected through  catheter  at  the  same level,  sciatic 
stimulation being continued throughout the collection. 
11.40 a.rn.  Blood III obtained from lower cavathrough catheter,  which was 
withdrawn 9 cm. 
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12.00 m.  Blood IV obtained from catheter in the same manner as Blood I. 
12.05 p.m.  Blood V  obtained  from catheter anterior  to  the  adrenal  veins, 
collected during asphyxia. 
12.09 p.m.  Blood VI  obtained  from  catheter lower  down  in  cava,  as  for 
blood III. 
After obtaining each of the bloods I, III, and IV, the catheter was withdrawn, 
cleaned,  and oiled again.  The bloods were withdrawn as uniformly as possible 
by the aid of an aspirator. 
The result was negative.  No difference was found by rabbit intes- 
tine  and  uterus  segment  tests  between  blood  withdrawn  without 
stimulation  of the  sciatic,  and blood  withdrawn  during  stimulation. 
None of the  samples  caused any inhibition of the intestine segments. 
We do not doubt that under favorable conditions (especially sensitive 
segments,  slow blood flow in the inferior cava,  and possibly a  fortu- 
nate location of the eye of the catheter with reference to the adrenal 
vein orifices) samples  of blood may sometimes be drawn  from the in- 
ferior cava containing a  sufficient concentration of epinephrin to yield 
distinct  reactions.  We  failed  to  obtain  such  reactions  because  the 
epinephrin given off by the adrenals in the usual amount was too highly 
diluted  by the  cava  blood.  To illustrate  the  effect of this  dilution 
we made some experiments, in which pure adrenal blood from the cava 
pocket and  catheter blood from above the  level of the  adrenals,  ob- 
tained from the  same animal,  were compared.  In some observations 
catheter blood from the level of the adrenals collected while the adrenal 
veins  were  clipped  was  compared  with  blood  from  the  same  level 
collected through the catheter with the adrenal veins open, also with 
a  negative result.  Experiment 8 is an example of these experiments. 
Experiment  8.  Condensed Protocol.--Cat;  weight  2.68  kilos.  Urethane  3 
gin. by stomach tube, and later on, 2 gm. more.  Both adrenal veins isolated and 
prepared for clipping.  Femoral vein prepared for catheter insertion.  Blood I, 
drawn through catheter from level just anterior to adrenal veins; blood II, from 
catheter at the same level, but with adrenal veins clipped; blood III, obtained in 
same  manner as blood I; blood IV  (10 cc. in  11  minutes)  obtained from cava 
pocket through cannula in right renal vein.  After releasing  the pocket by re- 
moving the  clamps,  blood V  was  obtained  through  the  catheter in  the  same 
way as blood I.  Indifferent (arterial)  blood was obtained from the abdominal 
aorta.  The catheter was withdrawn,  cleaned, and oiled after each specimen was 
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In Fig. 14 it is seen that catheter blood from the level of the adrenals 
displacing  arterial  blood  (Observation 10) produced no inhibition of 
the intestine segment, although pure adrenal vein blood (Observation 
8) caused good inhibition.  Adrenalin assays showed that the concen- 
tration of epinephrin in the adrenal blood  was  not far from 1 : 3,000,- 
000.  It was confirmed on uterus segments (Fig. 15, Observations 33,35, 
and 45) that the catheter blood caused no greater effect than indiffer- 
ent blood, and much less than adrenal blood (Observations 34 and 36). 
The uterus segment, as it happened, gave practically no increase of 
tone with indifferent blood, which rendered the demonstration of the 
absence of detectable epinephrin in the catheter blood all the more 
convincing.  Catheter  blood  collected  with  clipped  adrenal  veins 
(Observation 37)  behaved in  no respect differently from blood simi- 
larly collected, but  with  the  adrenal veins  open  (Observation  39). 
The  segment could easily detect  epinephrin  in the concentration of 
1 : 65,000,000  (Observation 46).  From the relatively considerable in- 
crease of tone given by blood with this concentration of adrenalin, there 
is no doubt that a  much smaller concentration could have been de- 
tected.  Accordingly, the adrenal vein blood must have been diluted 
in the inferior cava much more than twenty times. 
In Fig.  16  (Observation 20)  catheter blood from the level of the 
adrenals, collected with the adrenal veins clipped, was displaced by 
catheter blood collected with the veins open.  No change in the in- 
testine segment curve was produced; that is, the adrenal blood was so 
much diluted in the cava that a sample of cava blood containing the 
adrenal contribution could not be discriminated by this intestinal seg- 
ment from a  sample of cava blood which could not have been mixed 
with any adrenal blood.  Nor could it be discriminated from the in- 
different (arterial)  blood,  since its  replacement by this (Observation 
21) left the curve unaffected.  A prompt and marked inhibition was 
produced, however, when the arterial blood was in its turn displaced 
by the pure adrenal blood (Observation 22). 
In the last experiment to be quoted (Experiment 9), blood was col- 
lected by a catheter at the level of the adrenals during stimulation of 
the sciatic and without sciatic stimulation.  Pure adrenal blood was 
also collected from the same dog, during and without stimulation of 
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Experiment  9.  Condensed  ProtocoL--Dog;  weight 14.9 kilos.  Ether anesthesia. 
A  specimen of indifferent blood was collected from the jugular vein.  Then the 
left femoral vein was prepared for insertion of the catheter,  and the right sciatic 
nerve prepared  for stimulation.  The catheter was now inserted  to a  level just 
anterior to the adrenal veins.  At autopsy it was verified, as in all the other ex- 
periments of this type, that the eye of the catheter was anterior to the orifices  of 
the adrenal veins.  Three samples of blood were now collected through the cathe- 
ter,  the first without  sciatic stimulation  (13.0  cc.  in  1 minute  and 30 seconds), 
the second during sciatic stimulation  (13.8  cc. in 1 minute and 56 seconds), and 
the third during sciatic stimulation  (12.6  cc. in 1 minute and  18 seconds).  The 
catheter was now removed, washed, oiled again, and reinserted to the same level 
after an interval of 6 minutes; and a fourth specimen collected through the cathe- 
ter  without  sciatic  stimulation  (23.5  cc. in 3 minutes and 12 seconds).  A cava 
pocket was now made, the renal and left iliac vessels being tied,  and  a  cannula 
inserted in the left iliac vein.  The abdominal aorta was clamped at the bifurca- 
tion just before beginning the collection of blood from the pocket.  Adrenal blood 
samples were obtained from the pocket as follows: 
No. of  Blood  collected.  Time o[  Blood  flow  Stimulation. 
adrenal specimen,  collection,  per rain. 
15.2 
16.1 
18.3 
20.0 
22.9 
11.4 
13.1 
7.1 
1 rain., 50 sec. 
2  "  5  " 
2  "  32  " 
2  "  30  " 
3  "  55  " 
3  "  45  " 
4  "  5  " 
4  ~ 
8.4 
8.0 
7.0 
8.0 
5.7 
3.0 
3.2 
1.8 
None. 
Sciatic. 
None. 
gc 
Sciatic. 
None. 
Combined weight of adrenals,  1.15 gm. 
The  bloods  were  carefully  compared  on  intestine  arid uterus  seg- 
ments and the degree of dilution of the adrenal  blood  with indifferent 
blood, which  just  caused  the  inhibitory  effect  on  the  intestine  seg- 
ments  to become too slight  to be detected  with  certainty,  was deter- 
mined.  In  Fig.  17  some  of  the  tracings  are  given.  At  8  the  fifth 
adrenal  blood  replaced  indifferent  blood,  causing  a  marked  inhibi- 
tion  of  the  intestine  segment.  The  concentration  of epinephrin  in 
this  adrenal  sample was assayed at about  1 : 3,000,000,  corresponding 
to  an  output of 0.002  rag.  of epinephrin  per minute  (0.00013  rag. per 
kilo  of body weight per minute).  In the eighth specimen the concen- 652  RATE  OF  LIBERATION  OF  EPINEPII_RIN 
tration  was  assayed  at  1 : 1,100,000,  about three  times as great as in 
the fifth sample.  This is approximately the inverse ratio of the blood 
flows, the rate of output  of epinephrin  being  practically unchanged. 
At  24 blood collected with  a  catheter  at  the  level  of  the  adrenals 
during  sciatic  stimulation  replaced  indifferent  blood.  It  produced 
no inhibition,  but instead a  further  increase  of  tone.  Observations 
26 and  28 represent  the  effect  of  the  fifth  adrenal  blood  specimen 
diluted respectively with ten and with twenty volumes of indifferent 
blood.  Inhibition  of  the  segment  can  still  be  detected  in  each 
case.  Diluted  with  forty  volumes  of  indifferent  blood  (Observa- 
tion  30)  the  fifth  adrenal  specimen  produced  an  inhibition  so 
slight, if any, that it could not have been detected unless perhaps by 
comparison  with  the  preceding  and  succeeding observations.  With 
this dilution the concentration of epinephrin in the blood was already 
only  1: 120,000,000,  and  this blood was again  diluted with four vol- 
umes of Ringer's  solution before being  applied to  the  segment.  At 
32,  the  adrenal  blood,  diluted  with  eighty  volumes  of  indifferent 
blood, replaced the indifferent blood.  No inhibition could be clearly 
detected any more than with the catheter blood (Observation 24). 
We fail to see how it is possible to make exact experiments on the 
rate of liberation of epinephrin  by the catheter method. 
SUMMARY. 
An attempt was made to determine whether stimulation of afferent 
nerves  (sciatic  and  brachial)  produced  a  detectable  increase  in  the 
rate of liberation of epinephrin  from the adrenals,  as  determined  by 
testing  adrenal  vein  blood on  rabbit  intestine  and  uterus  segments. 
The result was negative. 
EXPLANATION OF PLATES. 
In all the tracings time is marked in half minutes. 
PLATE 48. 
FIG.  I.  Intestine tracings.  Blood of a dog anesthetized  with ether.  At 2 
Ringer's solution was replaced by jugular blood, and this at 3 by the first adrenal 
blood specimen, collected without stimulation of nerves.  At 4 Ringer's solution 
was replaced by jugular blood, and this at 5 by the second  adrenal blood specimen, G.  N.  STEWART AND  J.  M.  ROGO~FF  653 
collected during stimulation  of the brachial.  At 6 Ringer's solution was replaced 
by jugular blood, and this at 7 by the third adrenal blood specimen, collected dur- 
ing brachial stimulation.  Reduced one-third. 
FIo. 2.  Intestine tracings.  Blood of the same dog as in Fig. 1.  At 12 Ringer's 
solution  was replaced  by jugular  blood,  and  this  at  13  by the fourth  adrenal 
specimen,  collected without stimulation  of nerves.  At 14 Ringer's solution was 
replaced  by jugular blood, and this  at  15 by the fifth  adrenal  blood  specimen, 
collected  during sciatic  stimulation.  At  19  Ringer's solution  was  replaced  by 
jugular blood,  and this at 20 by the second adrenal  specimen,  collected during 
brachial  stimulation.  At  21  Ringer's solution  was  replaced  by jugular  blood, 
and  this  at  22  by the first  adrenal  specimen,  collected  without  stimulation  of 
nerves.  Reduced one-third. 
FIG. 3.  Intestine  fracings.  Blood  of the  same  dog  as  in  Figs.  1  and  2. 
Greater magnification.  At 24 Ringer's  solution  was replaced  by jugular blood 
and this at  25 by the  sixth adrenal  specimen, collected during sciatic stimulation. 
At 27 Ringer's solution was replaced by jugular blood, and this at 28 by the sev- 
enth  adrenal  specimen,  collected  without  stimulation  of  nerves.  Reduced 
one-third. 
PLATE 49. 
FIG. 4.  Uterus tracings.  Blood of the same dog as in Figs.  1 to 3.  At 41 
Ringer's solution was replaced  by arterial  blood; at 42, by the first adrenal  spec- 
imen, collected without nerve stimulation;  at 43~ by the second adrenal  specimen, 
collected during brachial stimulation;  at 44, by the third adrenal specimen, collected 
during brachial stimulation;  at 45, by the fourth adrenal specimen, collected with- 
out nerve stimulation.  In Observations 41 to 45 the bloods were diluted  with four 
volumes of Ringer's solution.  At 47 Ringer's solution  was replaced by the fifth 
adrenal  specimen, collected during sciatic stimulation;  at 48, by the sixth adrenal 
specimen,  collected  during  sciatic  stimulation;  at 50,  by'the seventh  adrenal 
specimen,  collected  without nerve stimulation.  In Observations  47  to 50  the 
bloods were diluted  with nine volumes of Ringer's solution.  Reduced one-half. 
FIC. 5.  Intestine tracings.  Blood from a cat anesthetized  with urethane.  At 
4 Ringer's solution  was replaced  by jugular blood, and this at 5 by the second 
adrenal  blood  specimen,  collected  during  sciatic  stimulation.  At  6  Ringer's 
solution was'replaced  by jugular blood, and this at 7 by the fourth adrenal  speci- 
men,  collected  without sciatic  stimulation.  The bloods were diluted  with four 
volumes of Ringer's solution.  Reduced one-third. 
FIG. 6.  Intestine tracings.  Blood from the same cat used for Fig. 5.  At 12 
Ringer's solution  was replaced  by jugular blood, and this at  13 by the seventh 
adrenal  specimen,  collected  without stimulation  of the sciatic.  At  14 Ringer's 
solution was replaced  by jugular blood, and this at 15 by the fifth adrenal  speci- 
men,  collected  during  sciatic  stimulation.  The  bloods  were  diluted  with  two 
volumes of Ringer's solution.  Reduced one-third. 654  RATE  OF LIBERATION  OF EPINEPHRdN 
Fro. 7.  Uterus tracings.  Blood of the same cat used for Figs. 5 and 6.  At 
28 Ringer's solution was replaced by jugular blood; at 29, by the second adrenal 
blood specimen, collected during sciatic stimulation; at 30, by the fourth adrenal 
specimen,  collected without  stimulation; at  31,  by the  fifth adrenal specimen, 
collected during sciatic stimulation; at  32, by the seventh adrenal specimen, col- 
lected without  stimulation.  All the  bloods were diluted with four volumes of 
Ringer's solution.  Reduced one-half. 
PLATE 50. 
FIC.  8.  Intestine tracings.  Sera  of a  dog  anesthetized with  urethane  and 
ether.  At 10 Ringer's solution was replaced by serum of arterial blood, and this 
at 11 by serum of the first adrenal specimen, collected during sciatic stimulation. 
At 14 Ringer's solution was replaced by serum of arterial blood, and this at  15 
by serum of the second adrenal specimen, collected without  sciatic stimulation. 
Reduced one-third. 
FIG. 9.  Intestine tracings.  Sera of the same dog as in Fig. 8.  At 3 Ringer's 
solution was replaced by serum of arterial blood, and this at 4 by serum of the 
second  adrenal  specimen,  collected without  nerve  stimulation.  At  5  Ringer's 
solution was replaced by serum of arterial blood, and this at 6 by serum of the 
third  adrenal  specimen,  collected  without  nerve  stimulation.  At  8  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood, and  this at 9  by serum of 
the  fourth  adrenal  specimen,  collected  during  sciatic  stimulation.  Reduced 
one-third. 
FIG. 10.  Uterus tracing.  Sera of the same dog used for Figs. 8 and 9.  At 
30 Ringer's solution was replaced by serum  of  arterial blood; at  31,  by  serum 
of the first adrenal specimen, collected during sciatic stimulation; at 32, by serum 
of the second adrenal specimen, collected without sciatic stimulation.  The serum 
in Observation 30 was undiluted, in Observations 31  and 32 it was diluted with 
an  equal  volume  of" Ringer's  solution.  At  33  Ringer's  solution was  replaced 
by serum of the first adrenal specimen diluted with three volumes of Ringer's 
solution, and at 34 by serum of the second adrenal specimen similarly diluted. 
Reduced one-half. 
PLAT~ 51. 
FIG. 11.  Intestine tracings.  Blood of a  dog rendered insensitive by destruc- 
tion of the cerebral cortex.  At 18 Ringer's solution was replaced by jugular blood, 
and this at 19 by the fourth adrenal specimen, collected without nerve stimula- 
tion.  At 20 Ringer's solution was replaced by jugular blood, and this at 21 by 
the first adrenal specimen, collected without nerve stimulation.  At 22 Ringer's 
solution was replaced by jugular blood, and  this at  23  by the second adrenal 
specimen, collected without nerve stimulation.  At 24 Ringer's solution was re- 
placed by jugular blood, and this at 25 by the third adrenal specimen, collected 
during  sciatic stimulation.  All the  bloods were  diluted with  four  volumes  of 
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FIG.  12.  Intestine  tracings.  Bloods from a  dog rendered insensitive  by in- 
creased intracranial  pressure.  At 28 Ringer's solution was replaced by indiffer- 
ent (arterial) blood, and this at 29 by the second adrenal specimen, collected with- 
out brachial stimulatioh.  At 30 Ringer's solution was replaced by arterial blood, 
and this at 31 by the third adrenal specimen, collected with brachial stimulation. 
At 32 Ringer's solution was replaced by indifferent blood, and this at  33  by the 
fourth adrenal  specimen, without brachial stimulation.  At 34 Ringer's solution 
was replaced  by arterial  blood,  and  this  at  35  by the  fifth  adrenal  specimen, 
collected with brachial stimulation.  All the bloods were diluted with two volumes 
of Ringer's solution.  Reduced one-third. 
PLATE 52. 
FIo.  13.  Uterus  tracings.  Bloods from the  same  dog used  in Fig.  12.  At 
50 Ringer's solution was replaced by indifferent  (arterial)  blood; at  51,  by the 
second adrenal  specimen,  collected without  brachial  stimulation;  at  52, by the 
third adrenal specimen, collected with brachial stimulation; at 53, by the second 
adrenal  specimen;  at  54,  by  the  fourth  adrenal  specimen,  collected  without 
brachial stimulation.  All these bloods were diluted with two volumes of Ringer's 
solution.  At 56 Ringer's solution was replaced by the fourth adrenal specimen; 
at 57, by the third adrenal specimen; at 58, by the second adrenal specimen; at 
59,  by the  fifth  adrenal  specimen,  collected  with  brachial  stimulation.  These 
bloods were diluted with four volumes of Ringer's solution.  At 61 Ringer's solu- 
tion was replaced by indifferent  (arterial)  blood made  up  with  adrenalin  to  a 
concentration of 1 : 8,000,000;  at 66, by indifferent blood made up with adrenalin 
to a  concentration of 1: 9,000,000; at 68, by the indifferent blood with adrenalin 
to a  concentration of  1: 6,000,000.  All the  adrenalin bloods were diluted  with 
four  volumes  of  Ringer's  solution  before  application  to  the  segment.  At  64 
Ringer's solution was replaced by the second adrenal specimen, at 65 by the third 
adrenal specimen, each diluted with four volumes of Ringer's solution.  Reduced 
one-half. 
FiG.  14.  Intestine  tracings.  Blood from a  cat  anesthetized  with  urethane. 
At 7 Ringer's solution was replaced by indifferent  (arterial)  blood, and this at 8 
by adrenal blood.  At 9 Ringer's solution was replaced by arterial blood, and this 
at 10 by catheter blood colledted at the level of the adrenals.  Reduced one-half. 
FIG.  15.  Uterus  tracings.  Blood from the  same  cat  used  for  Fig  14.  At 
33 Ringer's solution was replaced by catheter blood from the  adrenal  level,  and 
this at 34 by adrenal  blood; at  35 Ringer's  solution  was  replaced  by  catheter 
blood, and this  at 36 by adrenal blood.  At 37  Ringer's solution  was  replaced 
by catheter blood collected during the clipping of both adrenals, and this at 38 
by adrenalin  (1: 1,000,000)  in  the  same blood.  At 39 Ringer's solution was re- 
placed by catheter blood from the level of the adrenals, and this at 40 by adrenalin 
(1: 3,300,000)  in  the  same  blood.  At  42  Ringer's  solution  was  replaced  by 656  RATE OF LIBERATION OF EPINEPIIRIN 
adrenalin  (1: 16,500,000)  in  catheter  blood;  at 43, by the same  catheter blood 
without the addition of adrenalin; at 45, by another catheter specimen collected 
at the adrenal level; at 46, by adrenalin (1: 65,000,000)  in ];he catheter blood used 
for Observation 45. 
PLATE 53. 
FIG.  16.  Intestine tracings.  Blood from the same cat used for Figs.  14 and 
15.  At 19 Ringer's solution was replaced by catheter  blood  collected with  the 
adrenal veins clipped, and this at 20 by catheter blood collected at  the adrenal 
level with  the adrenal  veins open.  At 21  this  catheter blood was replaced  by 
arterial blood, and this at 22 by adrenal blood.  Reduced one-third. 
FIG.  17.  Intestine  tracings.  Bloods  from  a  dog  anesthetized  with  ether. 
At 7 Ringer's solution was replaced by indifferent  blood, and  this at  8 by  the 
fifth  adrenal  specimen.  At  23  Ringer's  solution  was  replaced  by  indifferent 
blood, and this at 24 by catheter blood, collected at the level of the adrenals dur- 
ing sciatic stimulation.  At 25 Ringer's solution was replaced by indifferent blood, 
and this at  26 by the fifth adrenal specimen,  diluted with ten volumes of indif- 
ferent blood.  At 27,  29,  and 31  Ringer's solution was replaced by  indifferent 
blood, and this at 28,  30,  and 32 by the fifth adrenal specimen,  diluted respec- 
tively with twenty, forty, and eighty volumes of indifferent blood.  All the bloods 
were  diluted  with  four volumes of Ringer's solution  before  application  to  the 
segment.  Reduced one-third. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXVI.  PLATE 48. 
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